Introduction: Breathing induced artifacts in the thoracic tumors have been well studied, and techniques aiming to reduction of such effects in CT imaging have been developed. [1] [2] Target distortion for the upper-abdomen targets such as pancreatic tumors has also been frequently observed, but given the complexity in organ motions, an effective method of remedy has not been reported in the literature. By applying automatic contour propagation strategy, the authors use the information obtained from 4D CT to test if the deformable image registration procedure helps compensate the respiration-induced distortion of pancreatic tumor in free breathing (FB) CT images.
Methods:
Ten patients with unresected pancreatic cancer treated with either preoperative or definitive chemo-radiation were studied. Pancreas GTVs were delineated on the FB CT for clinical treatments. Using a commercial deformable image registration (DIR) tool (MimVista Softwar, Inc., Cleveland, OH), the FB GTV contours were propagated to each phase of the 4D CT images taken right after the FB CT. The propagated GTV contours were reviewed and modified as necessary by physicians. The accepted 4D delineations were compared with the FB GTV in terms of difference in tumor volume and tumor size along individual dimensions. The differences between FB and 4D of the target images along superior-inferior direction are compared to the possible error combined from motions in lateral and anterior-posterior directions as well as imaging uncertainties in 4D CT scanning, in order to determine if the difference is mainly due to breathing-induced target distortion.
A one-dimensional motion pattern with the form of Z(t) = A z cos 4 [(2π/T)t] was used to simulate the tumor motion along the superior-inferior direction, which coincides with the table motion direction during CT scanning. A numerical model was used to calculate the probability distribution function and determine the probability that the target will be imaged to a certain amount longer or shorter than its real length, given that the constant-speed CT scanner has an equal chance to start scanning the target at any phase of its periodic motion. Using these probabilities to check the FB-4D comparison, a binary classification test was conducted.
Results: Out of the ten cases studied, three cases showed significant difference in the superior-inferior length of pancreatic GTV between FB and 4D contours. The other cases did show different amount of distortion along the scanning direction, but the magnitude of distortion did not exceed the uncertainties introduced by motion along the other directions combined with scanner resolution limit. When the individual target length differences were normalized relative to the target motion ranges and checked with the probability distribution function, 4 cases were predicted as "significant change" cases and 6 were "non-significant" ones. A binary classification test showed precision of 75% and accuracy of 90%. Figures 1 and 2 show two cases where significant target distortion was observed. Although the FB CT represents a GTV contour either longer or shorter than the actual size due to target motion during the scan, the propagated 4D contours were able to identify and compensate the distortion by finding the proper boundaries of the target. Conclusion: Pancreatic GTV distorted due to respiration-induced tumor motion is effectively compensated by contour propagation from free-breathing CT to 4D CT using DIR.
